29 30 1. Bees are important for vital pollination of wild and crop plants, but are in 31 decline worldwide. Intensification of agriculture is a major driver of bee 32 decline. Organic farming practices are designed to limit environmental 33 impacts of agriculture and can increase bee abundance and species diversity. 34 However, studies have been heavily focused towards some guilds of bees, 35 overlooking others. This includes social brood parasites, cuckoo bumblebees, 36 an understudied bee lineage. Little is known about bumblebee host and 37 cuckoo population dynamics, and the effects of farming practice on cuckoo 38 bumblebees have never previously been evaluated. 39 2. To compare the effects of farming practice (organic vs conventional) on the 40 abundance, species diversity, and community dissimilarity of cuckoo 41 bumblebees and their hosts, we compared host and cuckoo community 42 metrics across ten matched pairs of organic and conventional farms in 43
. It has been suggested that this is due to varied foraging distances can affect parasitism success rates, and host recovery (Goodell, 2003; Di Pasquale et al., farming practice, it is likely that farming practice can mediate the host-parasite relationship 136 between cuckoo and host bumblebees. Despite this, the effect of farming practice on cuckoo 137 bumblebee diversity and abundance has never previously been investigated. 138
139
In this study we compare the effects of farming practice, organic and conventional, on the 140 community metrics of cuckoo bumblebees and their hosts, using captured samples of 141 bumblebees from ten matched pairs of organic and conventional farms in Yorkshire. Suhonen et al., 2016) . Therefore, we also predicted that cuckoo 152 bumblebee community metrics would be driven by the community metrics of their hosts. individuals except for two (96%, n=50) and all cuckoo bumblebees but 5 (94%, n=87). One 229 sample matched to a species of water mould, Peronospora flava, and was discarded due to 230 contamination. 231 ( Figure 2B ). For example, on organic farms, abundance of hosts peaked in July, but on 236 conventional farms, appeared to increase linearly from May to September (GLMM containing 237 farm type and visit month as predictors with farm pairs as a random factor, dropping the 238 farm:month interaction, χ 2 4,16=10.83, p< 0.05; dropping bee type:month, 239 χ 2 4,16=35.12,p<0.001; Figure 2B ). Total abundance of cuckoos did not vary across farm type. 240
Abundance of hosts was higher on organic farms than conventional farms ( Figure 2A ). 241
Cuckoo abundance was driven mainly by two months in particular, July and August. 242
Abundance of cuckoos was higher on organic farms in July, and higher on conventional 243 farms in August, despite host abundance being lower on conventional farms in August. 244
Cuckoos were less abundant than hosts in all five months ( Figure 2B) . 245 246
Species richness and Simpson's diversity index 247
Species richness and Simpson's diversity index broadly reflected similar patterns through 248 the months of the season for hosts and cuckoos ( Figure 3A and 3C) . Total richness and 249 diversity of hosts communities were similar on organic and conventional farms, and the 250 same was true for cuckoo communities (Figure 3B and 3D) . Species richness and Simpson's 251 diversity index differed between hosts and cuckoos, and changed across the months 252 (species richness: GLMM containing farm type and visit month as predictors with farm pairs 253 as a random factor, dropping the main effect of visit month, χ 2 4,8=25.115, P<0.001; and bee 254 type, χ 2 1,9=24.033, P<0.001) (Simpson's diversity index: GLMM containing farm type and 255 visit month as predictors with farm pairs as a random factor, dropping the main effect of visit 256 month, χ 2 4,8=24.087, P<0.001; and bee type, χ 2 1,8=10.335, P=0.001; Figure 3 ). Temporal 257 patterns in richness and diversity did not differ between farm types. On conventional farms, 258 cuckoo richness and diversity peaked in August ( Figure 3A and C) . In contrast, hosts were 259 most species-rich in July, but were more diverse in August ( Figure 3A and 3C ). On organic 260 farms, richness and diversity of both hosts and cuckoos peaked in July ( Figure 3A and 3C) . 261
In total across the whole season, hosts were more diverse and species-rich than the 262 cuckoos ( Figure 3B and 3D ). The NMDS plot shows that the species composition was very similar on organic 285 farms and conventional farms for all bumblebees, both hosts and cuckoos (Figure 4 ). For 286 cuckoos, there was almost a complete overlap of the bumblebee communities at each farm 287 type, as with the host communities (Figure 4 ). Cuckoo communities on organic farms 288 showed a very small amount of variation compared to cuckoo communities on conventional 289 farms ( Figure 4B ). The species composition of cuckoos on conventional farms was a subset 290 of the species composition of cuckoos on organic farms ( Figure 4B ). Splitting the data by 291 month revealed no particular patterns (data not shown). of this study support the idea that perhaps hosts and cuckoo bumblebees need to be considered and targeted separately when designing conservation measures and management practices. There are more than two hundred species of bumblebee (Williams et  414 al., 2008), with 25 resident in the UK, within which there is great variation in colony size 415 (Rundlöf et al., 2008) , feeding ecology, habitat, and reproduction (Goulson, 2003; Goulson 416 and Darvill, 2004; Lhomme and Hines, 2018). As such, the assumption that all guilds of bees 417 will be affected in the same way by farming and management practices may not be valid, 418 and the assumption that a unified management practice is sufficient to conserve all 419 bumblebee species may be naïve (Rundlöf et al., 2008) . 
